We report the structural geometry and facies architecture of a small diapir-related carbonate-dominated basin from the Jurassic rift of the Moroccan High Atlas. The Azag minibasin is a lozenge-shaped depocenter completely enclosed by tectonic boundaries that we interpret as welds after former salt anticlines or salt walls. The exposed ca. 3000 m-thick infill of the Azag minibasin is asymmetric; layers are tilted to the W defining a rollover geometry. Areally-restricted sedimentary discontinuities and wedges of growth strata near the basin margins indicate sedimentation contemporaneous with diapiric rise of a Triassic ductile layer. Facies evolution through the basin reflects local accommodation by salt withdrawal and regional events in the High Atlas rift. The early basin infill in the Sinemurian and Pliensbachian shows thickness variations indicative of low-amplitude halokinetic movements, with reduced exposed thicknesses compared to surrounding areas. The exposed Toarcian and Aalenian deposits are also reduced in thickness compared to areas outside the basin. Subsidence increased dramatically in the Bajocian-early Bathonian (?), the main phase of downbuilding, when over 2600 m of carbonates and shales accumulated at a rate > 0.5 mm/a in the depocentral area of the minibasin governed by W-directed salt expulsion. The stratigraphic units distinguished often show maximum thicknesses and deeper facies in the depocentral area, and rapidly change to shallower facies at the basin margins. The Bajocian carbonate facies assemblage of the minibasin include: reservoir facies as microbialite-coral reefs in the basin margins (formed during periods of strong diapir inflation and bathymetric relief), basin-expansive oolite bars (formed during episodes of subdued relief), and organic-rich, dark lime mudstones and shales that show source-rock characteristics. The Azag basin is a good analog for the exploration of salt-related carbonate plays in rifts and continental margins where source-rock and reservoir can form in a same minibasin.
Introduction
The mobility of rock salt in sedimentary basins containing evaporitic sequences is being recognized in recent years as a prime factor not only determining the basin structure, but also the facies distribution at the local scale and the occurrence of differential subsidence domains across the basin. While many studies describe the structural geometry and kinematics of a diversity of salt tectonics structures (e.g. see Jackson, 2007, 2011 for reviews) , less studies document in detail the spatial and temporal evolution of sedimentary facies in relation with diapiric phenomena (e.g. Giles and Lawton, 2002; Giles and Rowan, 2012; Ribes et al., 2015) . Reported sedimentary basins influenced by salt tectonics include terrestrial systems (Sivas basin, Paradox basin, Flinders range; Ringenbach et al., 2013; Rowan and Vendeville, 2006; Trudgill, 2011) , marine mixed clastic-carbonate systems (La Popa basin; Giles and Lawton, 2002) and carbonate systems (Pyrenees, Atlas Mountains; Can erot et al., 2005; Poprawski et al., 2016; Saura et al., 2014 Saura et al., , 2016 , many of these being essentially studied from a structural point of view. Detailed sedimentological accounts of fluvial and clastic transitional systems in relation to salt tectonics exist in the literature (e.g. Andrie et al., 2012; Kernen et al., 2012; Matthews et al., 2007; Ribes et al., 2015) , whereas salt-related carbonate systems are comparatively less documented. The purpose of this paper is to describe the structural geometry and the facies evolution of a small carbonate depocenter (a minibasin) of Jurassic age developed in the east-central High Atlas of Morocco on the basis of excellent surface exposure.
The Atlas Mountains developed as Cenozoic fold-thrust belts by the tectonic inversion of former rift troughs that opened in TriassicJurassic times. Diapirs of a late Triassic evaporitic layer (Keuper facies) during the Jurassic basin opening stage were reported in the High Atlas by Bouchouata et al. (1995) , Ettaki et al. (2007) and Teixell et al. (2003) . Salt tectonics was emphasized in recent papers by Michard et al. (2011) , who interpreted antiformal ridges in the central High Atlas as former diapiric salt walls with complex polyphase evolution, and by Saura et al. (2014) , who described the structure of minibasins associated with Jurassic diapirism and provided detailed timing estimates on the basis of halokinetic unconformities and growth strata. As is the case of other mountain belts of the western Tethys domain as the Alps or the Pyrenees, salt walls formed during the rifting stage were rejuvenated during the Cenozoic convergence, which often led to the obliteration of the salt structures rendering them easy to overlook.
The Azag n'Oufelloussene basin (hereafter referred to as the Azag basin) of the central High Atlas near Rich ( Fig. 1 ) is a lozengeshaped depocenter that was formerly interpreted as a Jurassic pullapart basin bounded by side-stepping strike-slip faults (Brechbühler et al., 1988; Ibouh et al., 2008) . By means of a detailed field structural and sedimentological study, we interpret the basin as a diapir-related minibasin enclosed originally by a polygonal array of salt walls and anticlines, and document a unique assemblage of carbonate facies in relation with halokinetic growth and with regional (rift-related) and local (salt-withdrawal) subsidence. The Azag basin is exceptionally exposed and provides a varied assemblage of carbonate facies that makes it a good field analogue for the exploration of early salt-related basins in the continental margin off north Africa (e.g. Tari et al., 2003; Tari and Jabour, 2013) , and for carbonate minibasins in the subsurface elsewhere.
Geological setting
The Atlas chains of Morocco are intracontinental mountain belts that formed during the Cenozoic by N-S shortening in the northern African plate. They are composed by two branches, the High and Middle Atlas (Fig. 1) , developed from the inversion of orthogonal or oblique rift troughs that opened during the Triassic and Jurassic (Choubert and Faure-Muret, 1962; Mattauer et al., 1977; Schaer, 1987; Laville and Piqu e, 1992; Beauchamp et al., 1996; Frizon de Lamotte et al., 2000; Teixell et al., 2003; Arboleya et al., 2004) . Regional extension direction during the Triassic and Jurassic was oriented NE-SW, with respect to the frame of the present-day African plate (Mattauer et al., 1977; Ait Brahim et al., 2002; El Kochri and Chorowicz, 1996; Piqu e et al., 2000; Frizon de Lamotte et al., 2009; Dom enech et al., 2015) . The location of the ENE-WSW trending central High Atlas coincides with a Jurassic oblique rift that was linked with the Tethys Ocean.
The High Atlas is the most prominent mountain belt of the Atlas system. The central and eastern segments of the High Atlas are dominated by Jurassic sedimentary rocks at the surface, with sparse occurrences of Triassic and Paleozoic rocks (Fig. 1) . The tectonic structure of the Jurassic consists of tight anticlines or thrust faults that form calcareous ridges of Liassic limestones and dolomites separated by broad synclines occupied by Upper LiaseDogger shales (Schaer, 1987; Teixell et al., 2003) . Most orogenic shortening in the High Atlas is concentrated in narrow thrust belts in the southern and northern margins (Beauchamp et al., 1999; Benammi et al., 2001; Teixell et al., 2003; Tes on and Teixell, 2008) . Variations in Mesozoic stratigraphy and thickness across some thrust faults attest to their origin as synsedimentary extensional faults, which later experienced tectonic inversion. Compressional deformation in the interior of the Atlas is moderate and part of the internal structure was acquired during the Jurassic, as attested by fans of growth strata associated to antiformal and fault ridges. The relict folding during the Jurassic basin-opening stage has been attributed to strike-slip faulting (Laville and Piqu e, 1992) or, more recently, to salt diapirism of the Triassic layer (Michard et al., 2011; Saura et al., 2014) , an interpretation which we favor.
Basement exposed in the central High Atlas consists of Paleozoic slates affected by the Variscan orogeny, which crop out in thrustrelated antiformal culminations as the Mougueur massif located 20 km to the east of the study area ( Figs. 1 and 2 ). Mesozoic sedimentation in the Atlas rift was initiated within small Triassic rift basins that were filled with detrital red beds, basalts and occasional salt occurrences. Lower Lias platform limestones and dolomites sealed the Triassic rifts (Laville et al., 2004) . Accommodation by renewed rifting increased in the mid Liassic, and the carbonate platforms were drowned and disrupted by the formation of subsiding basins, where thick successions of limestones, calciturbidites and marls accumulated up to Dogger times (Warme, 1988 , and references therein). The Jurassic record ends with Bathonian to Kimmeridgian red beds with numerous discontinuities indicative of a generalized regression (Jenny et al., 1981; Haddoumi et al., 2010) . The Atlas rift evolution was accompanied by extensional salt tectonics (Saura et al., 2014) and by the intrusion of mid to late Jurassic alkaline igneous rocks (Hailwood and Mitchell, 1971; Laville and Piqu e, 1992) . Cretaceous sedimentary rocks, only locally preserved from erosion in the interior of the Atlas belts, overlap the Variscan basement in the present-day forelands of the Atlas Mountains, forming tabular, post-rift deposits (Beauchamp et al., 1996; Teixell et al., 2003) .
The Azag minibasin is located in the High Atlas of Rich (Fig. 1 ). This region shows the characteristic pattern of the interior of the central High Atlas with an anastomosing system of antiformal and faulted ridges of varying E-W to NE-SW trend, with wider synclines in between (Fig. 2) . Folds show often sigmoid map patterns; Fig. 1) , showing a system of anastomosing ridges (in green) and synformal minibasins in between. The studied Azag minibasin is in the lower left. Tight fold ridges are detached in the Triassic, but note that a slate-dominated basement is also locally involved in the folding (Mougueur massif, center right). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) synclinal basins in upper Lias to Dogger shales and carbonates may have oval or polygonal (lozenge-shaped) planforms, as the Azag basin (Fig. 2) . Thickness variations and growth strata indicate that folding already started in the Jurassic (e.g. Laville, 1985) , although folds and newly formed thrust faults were active during the Cenozoic compression. Tight to isoclinal anticlines defined by lower Lias carbonates suggest detachment in the Triassic level. However, the underlying Paleozoic is also involved in the folding, as observed in the basement exposure at Mougueur (El Kochri and Chorowicz, 1988; Teixell et al., 2003) . Triassic shale and basalt in antiformal cores is often concordant with the overlying Liassic overburden, but truncation relationships suggestive of diapiric piercing of the Triassic unit are also observed. Triassic evaporitic rocks are seldom observed at the surface, as also happens in other documented diapiric structures west of the study area (Saura et al., 2014) . Equidimensional diapirs or stocks as in other salt fold belts are rare.
The stratigraphic frame of the Jurassic of the High Atlas of Rich has been extensively documented (Du Dresnay, 1971; Studer, 1987; Warme, 1988; Igmoullan et al., 2001; Neuweiler et al., 2001; Wilmsen and Neuweiler, 2008; Ait Addi and Chafiki, 2013 and references herein). As outlined above, the High Atlas Jurassic basin was a Tethyan rift basin, with shallow carbonate platforms surrounding a central trough where deep-water carbonate and marly sedimentation dominated (Evans et al., 1974; Warme, 1988) . During the early Jurassic shallow water carbonate sedimentation was general in the basin. Three main phases of platform break-up and collapse are registered, causing platform backstepping and widening progressively the basin trough. The first phase of platform break-up occurred in the early Lotharingian (late Sinemurian) with the drowning of the lower Sinemurian shallow carbonate platform in this area, as documented in the Foum Tillicht (Neuweiler et al., 2001 ) and Foum Zidet (Wilmsen et al., 2002) sections to the west of the study area (Fig. 1) . Far to the east of the Rich area (Djebel Bou Dahar block), this event is recorded in shallow platform deposits by an unconformity marking a change from a ramp geometry to an aggrading to retrograding, steepflanked carbonate platform (Verwer et al., 2009; Merino-Tom e et al., 2012) . In the early Carixian (early Pliensbachian), a new platform break-up was registered by the platform drowning and margin collapse in the Foum Zabel section, to the south of the study area (Neuweiler et al., 2001) . The last phase of platform break-up is recorded in the late Pliensbachian by the drowning of the shallow marine platform across the southernmost sections of the High Atlas (Wilmsen and Neuweiler, 2008) .
The stratigraphy of the Lower Jurassic (Sinemurian to Pliensbachian) platform margins is described in Wilmsen and Neuweiler (2008) and Lachkar et al. (2009) for the Saharian margin (south) and in Igmoullan et al. (2001) for the Hauts Plateaux margin (north). In the intervening area of Rich (Fig. 1 (Wilmsen and Neuweiler, 2008) (Fig. 3) . For the overlying basinal, marly-dominated units (Toarcian to Bathonian), the stratigraphy reported is less consistent. In the central basin trough, which includes the Rich area, French geologists working in early regional mapping projects established the first initial stratigraphic subdivision. Their results are summarized in the schema by Du Dresnay (1971) ( Table 1) . Studer (1987) , who studied the northern margin of the Atlas basin SW of Midelt, defined some of the main lithostratigraphic units that were later widely followed (Table 1) . Finally, Ait Addi (1994) , Ait Addi et al. (1998) and Ait Addi and Chafiki (2013) gave some further contributions to the lithostratigraphic frame as summarized in Table 1 and Fig. 3 .
Methods
In this study we investigate the structure, the facies evolution and the sedimentation-tectonics relationships of the ca. 3000 m thick infill of the Azag minibasin. The study of the basin is based on detailed geological mapping and field analysis of stratigraphic relationships and lithofacies in the Toarcian to Bajocian-Bathonian? succession. For the latter, composite stratigraphic sections were measured in detail crossing the two margins and the depocenter of the basin, with maximum thickness of ca. 2600 m of measured section in the log of the depocentral area. This sedimentary thickness rapidly decreases towards the northern and southern basin margins, where some of the main stratigraphic units pinch out or change laterally to shallower lithofacies. The geobodies were Table 1 Equivalence of lithostratigraphic units defined in the Toarcian to Bathonian? deposits of the High Atlas in the Rich area (after du Dresnay, 1971; Stanley, 1981; Studer, 1987; Milhi et al., 2002; Ait Addi, 2000; Ait Addi and Chafiki, 2013) . mapped and traced laterally in the field over high-resolution Google satellite images. The aim was to document the lateral variability of the sedimentary thicknesses and lithofacies. In addition, key stratigraphic surfaces and unconformities were recognized and traced across the study area as correlation tie-points between sections. The facies of the two lower stratigraphic units mapped (Hettangian?-Sinemurian to Pliensbachian, Fig. 3 ), which show rather homogeneous characteristics in and out of the Azag basin, were not studied in detail and the reader is referred to the sedimentological works of Mehdi et al. (2003) and Wilmsen and Neuweiler (2008) .
More than 160 thin-sections were prepared from hand rock samples collected during the field surveys, in order to characterize microfacies types and the nature of the carbonate and detrital components of the different lithofacies recognized in the field. Microfacies were analyzed in the laboratory with a Nikon Eclipse LV 100Pol petrographic microscope with transmitted and reflected light. When available, ammonites and brachiopods were collected to improve the biostratigraphic frame of the studied sections. The geological map and structural cross-sections were constructed using the Move platform of the Midland Valley software. Crosssections were kinematically restored to selected steps using the built-in inclined shear and flexural-slip unfolding algorithms.
Structure of the Azag minibasin
The Atlas rift experienced moderate inversion and shortening strain during the Cenozoic orogeny. Part of the high topographic elevation of the Atlas system is due to recent long-wavelength uplift Babault et al., 2008) , by which the internal attributes of the Jurassic basin are generally well preserved and can be readily investigated (e.g. Saura et al., 2014) . Many of the structural features of the Azag basin here described were already acquired during the early and mid Jurassic, with some tightening during the later compressional episode.
The Azag minibasin has a lozenge (rhomboidal) plan shape, ca. 9 km long and 4 km wide, completely enclosed by tectonic boundaries (Figs. 4 and 5) . The basin fill is asymmetric, strongly tilted to the W or WNW. A N-to NNE-dipping pressure-solution cleavage, highly transecting the bedding strike, is observed. The boundaries of the basin appear as faulted anticlines; layers usually dip away from the boundaries, i.e. to the interior of the Azag basin or to the adjacent Foum Tillicht and Rich units (Fig. 6 ). In the eastern boundary of the basin, lower Lias carbonates are at similar elevation in both sides, and exposed at the surface (Fig. 6 ). In contrast, in the western and northern margins, the Hettangian?-lower Sinemurian Idikel limestones and dolomites of the Foum Tillicht unit are much elevated so the boundary appears at the surface as a steep thrust fault, subparallel to bedding in the western side, but truncating the tilted Lias to Dogger succession of the Azag minibasin in the other side. Remnants of Triassic basalt and red shale are often observed in between the Jurassic beds of the Azag basin and the adjoining units, marking the boundaries. Jurassic rocks immediately adjacent to the boundaries appear sheared, and are occasionally recrystallized and intruded by abundant veins evidencing the circulation of fluids along the margins. No evidence of strike-slip along the basin fault boundaries has been detected.
We interpret the boundaries of the Azag minibasin as salt welds (commonly thrust welds) deriving from the squeezing of former salt anticlines or salt walls. This differs from previous interpretations by Brechbühler et al. (1988) and Ibouh et al. (2008) that explained the Azag structure as a strike-slip related pull-apart basin in the light of its plan view form. As previously mentioned, evaporitic rocks are not observed at the surface, but salt efflorescences are observed in veins at the southern margin of the Azag minibasin. Triassic halite has been reported in other areas of the central High Atlas (e.g. at Toumliline, Teixell et al., 2003; Fig. 1) , and was required in gravity modeling . Consequently, we interpret the Azag depocenter as a salt-withdrawal minibasin formed in between a polygonal system of salt ridges, analogous to the natural and experimental examples described by Rowan and Vendeville (2006) , and to the diapiric structures described in the west-central High Atlas by Saura et al. (2014) .
An E-W profile of the Azag minibasin shows a marked asymmetric geometry (Fig. 6a) . The lower part of the overburden starting from the Idikel Formation dips vertically and has been upturned to surface exposure at 1500 m asl, some 2500 m above the inferred base of the overburden in the minibasin axis. Stratal dip decreases up section, to values of 30e40 W near the western margin of the minibasin, before beds are folded into a narrow syncline paralleling the boundary weld. The deep structure of the western basin margin is not exposed, and has been interpreted as an east-dipping diapir flank analogous to comparable asymmetric minibasins imaged in seismic profiles (e.g. Figs. 14 and 17 in G omez-Cabrera and Jackson, 2008, Fig. 23 in Hudec et al., 2009) . Thickness variations in the deeper parts of the basin indicative of migration of depocenters are not observed in the profile due to the outcrop pattern; on the lack of information, the E-W section was constructed conservatively assuming homogeneous to gently varying thickness deduced from the exposed thickness changes at the surface (Fig. 6a) .
A N-S (strike) profile shows a more symmetric bowl shape (Fig. 6b) , with upturned layers in both margins, where they are locally arranged in spectacularly exposed fans of progressive unconformities (see below). The maximum stratigraphic thickness is observed in the minibasin center, and units thin rapidly to the basin margins. Due to layer attitude and to exposure conditions, thickness variations of the individual units are observed in this N-S direction, where the geological map provides a basin-wide profile (Fig. 5) . Although local stratigraphic discontinuities exist (see below), hook-type unconformity bounded halokinetic sequences are not observed, with the exception to the proximity of a diapiric stock in the northern margin of the Azag minibasin in the Foum Tillicht unit (Fig. 5 and see below) . Units rather conform to wedge type sequences . The preserved stratigraphic thickness in the Azag minibasin is larger than in the adjacent Rich and Foum Tillicht units (Fig. 6 ).
Lithofacies types
Thirteen depositional lithofacies (F1 to F13) have been differentiated in outcrop according to the lithology, sedimentary structures, bedding, stratal geometries, skeletal and non-skeletal components, fossil content and fossil traces. Lithofacies descriptions have been completed with microfacies observations. The main characteristics of the lithofacies types, organized from shallower to deeper water, are summarized in Table 2 . This lithofacies conforms massive lithosomes, tabular and mound-shaped, a few meters to hundred meters long and up to 20 m thick. They are composed dominantly of corals and micrite and appear in two contexts: a) at the minibasin margin paleohighs, and b) in high-energy settings, within and on top of migrating oolite-skeletal sand bars. The microfacies consists of wackestone to boundstone made of microbialitic crusts with poorly structured thrombolite fabrics (Fig. 7A) , and with variable amounts of in situ platy and branching corals (Fig. 7B ), encrusting micro-organisms and calcimicrobes, encrusting coralline sponges, graded microbial peloids, Rivulariacean-type cyanobacteria (Fig. 7C ), cryptobiontic Bullopora-type calcareous foraminifera and colonies of tube-worms (Fig. 7D ). Other components are desmosponge spicules and debris of bivalves, corals, echinoids, gastropods, micritized grains, peloids and scarce benthic foraminifera (valvulinids) embedded in micrite matrix. Corals are often bored by endolithid bivalves and microorganisms. Rivulariacean-type filamentous cyanobacteria may appear as both encrusting forms on the surface of the corals and as cryptobiontic forms inside coral cavities (Fig. 7C ). Microbial stromatolitic-thrombolitic structures usually develop around bioclasts and corals. Authigenic quartz crystal with idiomorphic ends and evaporite pseudomorphs (gypsum, celestine) are frequent in the micritic reefal facies at the minibasin margins (Fig. 7E ).
Interpretation
The lithology and the biotic association (corals, cyanobacteria) suggest relatively shallow water depths within the photic zone. The presence of micro-encrusters and thrombolites suggests relatively low sedimentation rates for the formation of this lithofacies, because microbial communities are not able to survive high sedimentary inputs (e.g. Dromart, 1992; Olivier et al., 2003; Pleş et al., 2013) . Although modern stromatolites and thrombolites may be found in both intertidal and subtidal settings (Riding, 2000) , in the fossil record thrombolites more typically occur in subtidal open sea environments with relatively low hydrodynamic conditions (e.g. Dongjie et al., 2013) Olivier et al., 2003) . Therefore, this lithofacies is interpreted as bioconstructions of coral-thrombolite reefs and buildups (patch reefs) developed on top of the diapiric highs, or on prograding grainstone bars when the bars became inactive.
The presence of early diagenetic quartz and evaporite crystals in limestone has been related to depositional hypersaline conditions like those of the sabkha environments (e.g. Friedman and Shulka, 1980) . However, other process of production of early diagenetic quartz in limestones under hypersaline conditions and not precisely related to sabkha environment is the formation under saline solutions derived from salt diapirs underlying reefs (Reitner, 1988; Flügel, 2004) . A similar relationship between quartz precipitation and hypersaline conditions in diapir-related reefs have been described previously in other limestones growing on salt-diapirs such as the Albian Caniego limestones of northern Spain (Reitner, 1988) .
Lithofacies F2: oolitic grainstones

Description
This lithofacies shows grainstone to packstone texture composed mainly of simple and compound oolites. It is organized in tabular to lensoid and channel-like beds that usually display large-scale trough, high-angle planar and sigmoidal cross-bedding. Thickness of individual beds ranges from about 2 to 30 m. The individual beds are a hundred meters to a few kilometers long, grading laterally and being interbedded with marls. The bases are erosional, especially in channel-like beds, or gradational with rapid coarsening upwards trends. These oolitic beds may display highangle, large-scale foresets up to 30 m tall, made of avalanche layers with particle-size segregation and normal gradation. Bottomsets are made of horizontal, nodular, bioturbated oolite-skeletal calcarenites and bioclastic marls with brachiopods and thinbedded turbidites. Topsets are usually absent and represented by a sharp or bioturbated surface covered by bioclastic lags or colonized by mixed oysters-brachiopod communities or by corals.
The oolites are fine-to medium-grained, well-rounded to elongated and moderately to well-sorted (Fig. 8A ). Nuclei include limestone intraclasts, bioclasts and idiomorphic quartz (Fig. 8B ). Minor components are intraclasts, bioclasts and detrital idiomorphic quartz and evaporite crystals.
Interpretation
These oolitic limestones represent deposition from active shoal complexes. The large-scale cross bedding is suggestive of rapid migration of large bedforms and subaqueous sand-waves and dunes. Oolites most probably formed on the shallow top and where transported downdip from the shoal top, causing the dune migration. The frequent absence of topsets suggests abrasion, probably due to wave action, and non-deposition due to by-pass of sediment. The channel-like beds with erosive bases may represent the infill of channels and slope gullies that transported sediment downdip from the shallow water oolite factory.
Lithofacies F3: skeletal-intraclastic grainstones
Description
This lithofacies consists of skeletal-intraclastic or mixed skeletal-intraclast-oolite packstone to grainstone, locally rudstone, organized in tabular to lenticular cross-bedded bars and channellike sand bodies ranging from 1 to 8 m thick and hundred meters of lateral extension. The channelized sand bodies present erosive bases and trough cross-bedding. The grainstone bars display trough cross-bedding and large-scale planar to sigmoidal cross-bedding with avalanche foresets. Laterally, the grainstone beds are of Heterolithic, thin-bedded siltstones to fine-grained quartz sandstone interbedded in claystones; and cross-laminated, fine-grained quartz sandstonessiltstones.
Rhythmic bedded shales and sandstones with laterally persistent sandstone thin beds, interbedded in claystones. Individual thin-bedded sandstone beds are up to 15 cm thick, with sharp to erosive bases with sole marks, normal gradation and rippled tops. Cross-laminated fine-grained sandstone beds are up to 0.5 m thick and stack in packages up to 5 m thick. These lithologies are organized in thickening-and coarsening-upward sequences 10 to 60 m thick.
Fine-grained quartz greywackes with coal detritus.
Progradation of delta lobes showing a transition from claystone with turbidites of the prodelta environment to sandier facies of the distal delta front or distal deltaic bars.
Prodelta varying thicknesses and change laterally to nodular-bioturbated calcarenites and finally to marls. The microfacies is dominated by fragments of corals, gastropods, echinoderms, brachiopods, bivalves, Cayeuxia, Cladocoropsis, cyanobacteria, dasycladalean algae, undifferentiated bioclasts, peloids, benthic foraminifera, bryozoans, fine-grained sandstone lithoclasts, limestone intraclasts, sand-to silt-size quartz grains and oolites ( Fig. 8C-D) . Some micritic intraclasts show inclusions of authigenic quartz crystals and evaporite calcite pseudomorphs, suggesting precipitation of these authigenic crystals before re-sedimentation.
Interpretation
This lithofacies represent carbonate sand deposits formed in open sea under high hydrodynamic conditions. The mixed oolitic, skeletal and intraclast components represent resedimented material from shallower reefal and oolitic factories, outer platform or older sedimentary rocks (e.g. sandstone lithoclasts). The lithosomes with large-scale planar to sigmoidal cross bedding are interpreted as energetic bars deposited in a middle ramp/platform and prograding basinward from avalanche of sediment. The channel-like beds may represent the infill of channels and gullies cutting the slope, where high-energy currents, which might have been induced by storms or slope instability, transported sediments from shallower areas. They consist of 0.15e7.5 m thick lumachela beds of brachiopod and oyster shells. The beds exhibit a rudstone-rudite texture with bioclastic marly matrix. The majority of the specimens are articulated and display complete valves, suggesting minimal transport (autochthonous to parautochthonous deposits). The base and top of the beds are usually sharp, the base being occasionally erosive. These beds appear in three contexts: 1) as massive beds with erosive and channelized bases and with high density of specimens almost without sediment in between. These beds appear sharply interbedded between marls or calcarenites; 2) at the base and changing laterally to channelized oolitic and skeletal grainstones, and 3) on top of channelized grainstones and progradational grainstone bars and deltaic sequences.
Brachiopods were epifauna growing probably in relatively deep and quiet waters where they grew relatively quick and attached to firm substrates. Those beds with erosive and channelized bases are interpreted to have been deposited from gravity-driven sediment flows and are interpreted as debrite levels with little transport. Those beds with non-erosive bases developed on top or laterally to migrating grainstone bars are interpreted as autochthonous accumulations and clusters developed on abandoned bars or in interbar areas. This is a minor lithofacies that consists of decimetric, tabular to nodular limestone beds made of dark micrite with dense population of sponges. Limestone beds stack in packages up to 2 m thick that appear below and grade laterally updip to lithofacies F1. In thin section, the microfacies consists of bioclastic wackestones with well-preserved siliceous sponges. Both desma-bearing demosponges (lithistids) and hexactinellid sponges have been recognized (Fig. 7F) . The micrite matrix between the spongy bodies includes a variable amount of peloids, echinoderm debris and spines, bivalve shell fragments, rare benthic foraminifera, gastropods and coral debris.
This lithofacies is interpreted as a sub-photic benthic community. The co-occurrence of hexactinellid and lithistid sponges was common during the Mesozoic, although the hexactinellids tended to occur in deeper waters than the lithistids (Crevello and Harris, 1984; Rosales et al., 1995) . This lithofacies suggests deposition under quiet paleoenvironmental conditions and low sedimentation rates downslope of the coral facies, in a reef slope where bottom currents became loaded with organic material and nutrients for feeding (Rosales et al., 1995) . 30 cm long, embedded in a marly matrix along with a mixture of unsorted bioclasts including bivalves, belemnites, inoceramids, brachiopods, echinoids, crinoids and others. Beds are massive and irregular, 0.25e7 m thick. The fabric ranges from clast-to mudsupported breccia to marl with dispersed coral cobbles and limestone clasts. This lithofacies is locally associated to slumped beds.
This lithofacies is interpreted as platform-derived material transported to downslope environments by gravitational processes such as grain flow, debris flow and rock fall. This lithofacies consists of 0.10e2 m thick beds of bioclastic marls and muddy, fine-grained calcarenites. The beds are massive, usually lacking lamination or grain gradation, and are bioturbated. The bases are sharp to slightly erosive. Allochems include soft muddy pebbles, limestone intraclasts, brachiopods and remains of crinoids, bivalves, oysters and rarely corals and serpulids.
These beds are interpreted as muddy debrites deposited from mass gravitational flows including mud-flow and debris-flow This lithofacies consists of heterolithic siliciclastic lithologies made of claystones and marly shales interbedded with thin-bedded sandstones and siltstones, and cross-bedded sandstones. Thinbedded sandstones and siltstones are few centimeters up to 0.15 m thick and show erosive bases, normal grain gradation and ripple cross-lamination at the top. Cross-bedded sandstones consist of up to 0.5 m thick beds of fine-grained greywackes with coal detritus (Fig. 8E) , current ripple cross-lamination and bioturbation. The sandstone beds stack in packages up to 5 m thick. These lithologies appear organized in coarsening-and thickening-upward sequences 10e60 m thick, showing a gradual transition from claystone with scarce thin-bedded siltstones and sandstones, to packets of cross-bedded sandstones.
The thin-bedded siltstones and sandstones are interpreted as siliciclastic turbidites interbedded in muddy facies of prodelta environments, whereas the packets of cross-bedded sandstones represent sandier facies of the delta front or deltaic bars. Thus, the coarsening-and thickening-upward siliciclastic sequences suggest progradation of delta lobes showing a transition from muddier prodelta facies into delta front environments. This lithofacies is characterized by thick successions (up to 120 m thick) of monotonous grayish marls and marly limestones with scarce bioclasts and belemnites. The bioclasts are composed mainly of centimeter-sized debris of bivalves, brachiopods, echinoids and oysters.
This lithofacies is interpreted to have been deposited in low energy, basinal to outer platform environments. It consists of a heterolithic lithology made of marls and marly limestones with intercalated thin, sheet-like beds of horizontal and ripple-laminated siltstones and calcisiltites. The siltstone and calcisiltite beds are usually 0.5e5 cm thick, and display sharp bases and grain gradation, occasionally with wavy to ripple crosslamination at the top. This heterolithic facies conforms thick successions up to 30 m thick dominated by the muddy lithology, and where the thin-bedded siltstones and calcisiltites appear at irregular intervals of several meters to about 0.20 m.
The absence of thinning or thickening-upward trends and the dominant muddy nature of this facies suggest a basinal environment below the storm wave base, where the muddy lithology represent the basinal background sedimentation and the intercalated sheet-like thin beds represent diluted siliciclastic and carbonate turbidites. These turbidites were deposited from lowdensity turbidity currents, which may have been triggered by storms (distal tempestites) or slope instability.
Lithofacies F11: black lime mudstones
Description
This lithofacies consists of decimetric (0.20e0.50 m thick) tabular beds of black to dark grey lime mudstones. The beds are organized in thickening-upward packages up to 54 m thick. Bioturbation is rare and consists of Chondrite traces. Bioclasts are also scarce and include thin bivalve shells. The microfacies consists of a mudstone to wackestone texture with some debris of echinoderms and thin-shelled bivalves and sponge spicules. Framboidal pyrite and pyrite nodules and cubes are widespread.
Interpretation
The difference in the color (black) of this limestone lithofacies compared to other lithofacies of the Azag minibasin may be due to deposition in a poorly oxygenated sea floor and to a higher amount of organic matter and pyrite content. The low diversity of ichnotraces, which are dominated by Chondrites, suggests restricted conditions within the area of deposition and also poorly oxygenated bottom waters (Bromley and Ekdale, 1984) . Further evidence of low-oxygen bottom-sea conditions are the abundance of pyrite framboids, which were most likely derived from aqueous sulphide via the activity of sulphate-reducing bacteria during early stages of diagenesis and under oxygen-deficient bottom-sea conditions (Wilkin and Barnes, 1997; Wignall et al., 2005) . A possible cause for the anoxic conditions governing the sedimentation of these black mudstones is that the Azag was during this time a silled minibasin with very limited deep-water circulation.
Lithofacies F12: spiculitic-silty marls and limestones
Description
It consists of very fine-grained calcarenites, calcisiltites and marls. Beds are few decimeters up to 0.60 m thick and are organized in packets up to 6 m thick of stacked tabular to nodular beds. In thin section the texture is made of wackestone to packstone rich in monoaxon and triaxon sponge spicules (Fig. 8F) . Other components are silt-sized quartz grains, peloids, debris of echinoderm and thin-shelled bivalves, ostracods, rare small benthic foraminifera and scarce coral and oyster debris. Pyrite in framboids and cubes may be abundant.
Interpretation
This lithofacies is interpreted to represent deposition in opensea, calm outer platform environments with some siliciclastic influence. Lithofacies F12 appears usually associated to lithofacies F9 and F11.
Lithofacies F13: rhythmic bedded and nodular marls and limestones
Description
This lithofacies consists of rhythmically bedded limestone-marl sequences up to about 110 m thick. Individual limestone beds display thickness ranging between 0.10 and 0.30 m, whereas the marlstone beds are 0.20e2 m thick. Ammonites, belemnites, plant fragments and Cancellophycus (¼Zoophycus) fossil traces can be present.
Interpretation
This lithofacies is interpreted to represent deposition in hemipelagic, outer ramp environments.
5.14. Lithofacies F14: ferruginous crust 5.14.1. Description This is a minor lithofacies characterized by the presence of a localized iron crust with thickness ranging from 2 to 10 cm and slightly irregular morphology. Incorporated in the crust a dense accumulation of well-preserved ammonites and belemnites is observed. In thin-section the crust exhibits ferruginous microstromatolite layers with encrusting foraminifera and serpulids.
The iron-crust surface represents a discontinuity surface with associated condensation and hardground development. Under such as conditions, processes related to the activity of iron-oxidizing microbial communities can be responsible for the stromatolite 
Stratigraphy and facies architecture
The sedimentary infill of the Azag minibasin shows a general tilting to the west, with the base of the stratigraphic section being exposed in the eastern basin margin (Fig. 5) . The sedimentary pile thins to the southern and to the northern exposed margins, where wedges of growth strata and abundant shallow marine carbonate lentils (lithofacies F1, F2 and F3) developed. To the west, the basin ends plunging towards the Tillicht thrust weld (Fig. 9a) .
A complete stratigraphic section of the upper Lias to Bajocianp.p. Bathonian? deposits of the Azag minibasin is represented in Fig. 10 . Including the lower Liassic rocks, 10 stratigraphic units have been recognised and are represented in the geological map and in the structural and stratigraphic profiles (Units I to X; Figs. 3, 5 and 6), based on observable lithological changes with cartographic identity, the existence of unconformities and stratal geometries marking significant changes in the basin evolution. A correlation of the central reference section with the reduced successions of the basin margins is shown in Fig. 11 . For the lower part of the succession the units distinguished (Units I and II) coincide with previous formally defined lithostratigraphic units (Idikel and Ouchbis Formations, Hettangian?-Sinemurian to Pliensbachian; Studer, 1987) . For the rest of the section (Toarcian to Bajocian-p.p. Bathonian?) an informal stratigraphic schema for the Azag minibasin is proposed here (Units III to X), including a correlation attempt with the previously published stratigraphic framework of the central High Atlas (Table 1, Fig. 3 ).
Unit I
Unit I corresponds to the Idikel limestone and dolomite Formation (Studer, 1987 ; redefined by Mehdi et al., 2003) , which is exposed in the eastern margin of the Azag minibasin. There, the Idikel Formation is thin (less than 90 m), due to tectonic lamination against the welded salt wall. In contrast, in the hanging wall of the Jebel Tillicht anticline (Foum Tillicht section, Wilmsen and Neuweiler, 2008 ) the whole Idikel Formation has a total thickness of 240 m, and is described as formed by massive black dolomite and limestone beds with shallow marine facies assemblages. The age of the Idikel Formation is Hettangian?elower Sinemurian according to Wilmsen et al. (2002) and Mehdi et al. (2003) .
Unit II
Above the limestones and dolomites of the Idikel Formation, a regular hemipelagic rhythmite of light-coloured limestones and marls with an average bed thickness of 10e40 cm occurs conforming the Unit II. This unit corresponds to the Ouchbis Formation of Studer (1987) . No facies belonging to the Foum Zidet Formation (Upper Sinemurian; Mehdi et al., 2003) have been identified in the Azag minibasin. In contrast, in the western side of the Jebel Tillicht thrust weld (Jebel Idirht and Jebel Amalou Tassalaht) this latter formation is well developed, including spectacular sponge bioconstructions (Neuweiler et al., 2001 and references herein). In the eastern margin of the Azag minibasin, the Ouchbis Formation (Unit II) reaches a maximum thickness of about 120 m that decreases to the south in outcrop. It is much thinner compared to the neighbouring Foum Tillicht section, where it attains up to 300 m (Wilmsen and Neuweiler, 2008) . The ammonite Taurameniceras elisa (Fucini) (A. Goy pers. com.) has been collected from the upper part of the Ouchbis Formation, which characterizes the Spinatum Zone/Hawskerense Subzone of the Upper Pliensbachian. Thus, a Pliensbachian age is assigned to Unit II.
Unit III
The Ouchbis Formation is sharply overlain by marls and nodular marly limestones (lithofacies F9) of the Unit III. This sharp transition may correspond to the drowning unconformity recognised on top of the shallow marine Pliensbachian platforms in the southern margin of the Atlas Basin (Wilmsen and Neuweiler, 2008) , as well as in the eastern Djebel Bou Dahar block (Merino-Tom e et al., 2012). Unit III is a thin unit representing relatively low sedimentation rates, which ends with a ferruginous hardground of regional extent (lithofacies F14) (Sadki, 1992) . In the measured logs, the total thickness of Unit III ranges between 65 and 110 m (with a maximum of 200 m along section 6a, Fig. 6 ), which is lower than in the neighbouring units of Foum Tillicht and Rich, where it exceeds 330 m (Bodin et al., 2016; Sadki, 1992 Sadki, , 1996 Ait Addi and Chafiki, 2013) . The lower part (subunit IIIa) is up to 45 m thick, and is constituted by light-coloured marls with scarce thin beds of finegrained nodular limestone (lithofacies F9), and by dark shales with interlayered fine-grained siliciclastic turbidites (lithofacies F10) (Fig. 9b ). This part of the section corresponds to the Tagoudite Formation of Studer (1987) , and its age is lower Toarcian (Studer, 1987; Wilmsen et al., 2002) . This change from marl-carbonate deposits to clays and siliciclastic turbidites may reflect the impact of the early Toarcian Anoxic Event (T-OAE) in the basin, as documented in other areas of the central High Atlas (Bodin et al., 2016 
Unit IV
The hardground on top of Unit III is overlain by Unit IV in onlap to an apparent southward direction (Fig. 5) . Unit IV consists of a thick growth strata succession (210 m in the measured log of Fig. 10 , up to 600 m in the section of Fig. 6a ) of predominantly lightcoloured marls. In the lower part (first 45 m) it is made of lithofacies F9 with marly limestone intercalations, whereas in the upper part it contains sequences of lithofacies F9 at the base grading upward to lithofacies F10 with scarce thin-bedded, finegrained siliciclastic turbidites. The top of unit IV is marked by a gentle angular unconformity and the sharp appearance of a reef in the southern basin margin. At the base of unit IV, the ammonites Otoites sp. (cf. pauper Westermann/delicatus Buckman), Otoites fortis Westermann, Phylloceras sp. and Lytoceras sp. (lower Bajocian, Laeviuscula Zone eSauzei Zone) have been found. 7 m above the hardground the ammonites found were Otoites cf. contractus A. Teixell et al. / Marine and Petroleum Geology 81 (2017) 334e360 (Sowerby) and Hebetoxytes sp. (lower Bajocian, Laeviuscula Zone eSauzei Zone). On the basis of the ammonites collected and on the stratigraphic position, an early Bajocian age is attributed to this unit.
Unit V
Unit V is characterized by the development of a coral reef buildup in the southern basin margin and their age equivalent finegrained facies into the basin (Figs. 9c and 12) . Strata of the reef lithofacies (F1) are now in vertical attitude and up to 130 m thick, whereas the equivalent slope and basinal facies are represented by a 415 m-thick measured succession of marls, marly limestones, thin layers of fine grained turbidites, and reef-derived slumps, breccias, debrites and calcarenites (lithofacies F10 and F6) . In the lower part of the unit the background basin sedimentation corresponds to marls and marly limestone (lithofacies F9) whereas in the middle and upper part of the succession it changes to lithofacies F10 that includes scarce thin-bedded siliciclastic turbidites. The reef-derived sediments are slumps and coarse breccias in the lower part turning into debrites and calcarenites in the upper part. This vertical facies evolution composes a marked growth strata fan and coincides with a mainly aggradational pattern of the reef margin, which ends with a huge sheet of bioclastic calcarenites expanding basinwards (Fig. 12) . Cancellophycus is still present in the middle part of Unit V. Ammonites from the lower Bajocian (Skirroceras cf. macrum (Quenstedt) and Skirroceras sp., upper part of the Sauzei Zone and the Humphresianum Zone, A. Goy, pers. com.) have been collected in the upper half of unit V. Thus, an early Bajocian age is assigned to the unit.
Unit VI
The basal contact of Unit VI is defined by a flooding surface over the southern coral reef build-up and associated facies. The unit consists of a thick sequence (up to 520 m) of marls with thinbedded fine-grained siliciclastic turbidites, which become progressively more abundant upwards (lithofacies F10). Bioclastic debrites (lithofacies F7) are abundant in the lower part of the unit while siliciclastic influx is scarce. In the upper part of the section the bioclastic debrites become thinner and sparse. This unit is related to a renewed reef growth, in this case in the northern margin of the Azag minibasin (Fig. 13) . In the southern margin some small patch reefs still persisted in the lower part of the unit attached to the basin margin. An early-late Bajocian age is tentatively assigned to this unit.
Unit VII
Unit VII is defined by an increase of siliciclastic influx and a marked colour change in the field. It consists of up to 10 thickeningand coarsening-upward sequences of shales and siltstones with abundant thin layers of fine-grained siliciclastic turbidites (lithofacies F8). The total thickness of the unit is over 100 m. In the upper part of the unit the siliciclastic turbidites become thicker, up to 10 cm, with a well-developed Bouma Ta-c sequence. These sequences are interpreted in this work as the progradation of distal deltaic lobes that filled the basin, although equivalent turbiditic layers to the south of the Azag minibasin near Rich were interpreted by Ait Addi (2008) as tempestites. To the northwest of the Azag basin, Brechbühler et al. (1988) reported the presence of abundant siliciclastic turbiditic deposits of western provenance in a similar stratigraphic position. This unit represents the progradation of a distal deltaic depositional system (prodelta, Fig. 11 ) that postdated the stage of reef development on the northern basin margin. To the north it wedges out onto the reefal growth strata (Fig. 6b) . On the basis of its stratigraphic position, a late Bajocian age is suggested for this unit.
Unit VIII
Unit VIII represents a return to dominant carbonate sedimentation. It starts with the sudden apparition of prograding oolitic bars (lithofacies F2 and F3, Fig. 9d and e) into the basin from a south and south-eastern provenance. Between the oolitic bars are marls and occasional marly limestones with abundant bioclastic debrites (lithofacies F7). Coral debris and small patches of in situ coral growth are abundant in the upper part of the unit. To the northern basin margin the oolitic bars pinch out and disappear between marls, and are rapidly replaced updip by wedges of cross-bedded bioclastic grainstones (lithofacies F3) that overlap the northern ridge (Fig. 13) . The bioclastic and coral debris provenance of these latter calcarenitic bars is probably from a northern reef development, now eroded. Debrites are thicker and more abundant in the northern sections, where wedges of prograding mixed calcarenites (lithofacies F3) also developed. The recorded thickness of unit VIII is close to 200 m, and it is probably equivalent to the unit D of Stanley (1981) defined in the neighbouring basin of Rich. Unit VIII is probably equivalent to the oolite-rich Assoul Fm. defined for the Amellago platform area, SW of the study area (Christ et al., 2012) . Unit VIII is attributed to the late Bajocian.
Unit IX
Unit IX is defined by an abrupt change in the background basin sedimentation. Dark marly limestones and micritic limestones (lithofacies F11) are the dominant lithofacies of the unit (Fig. 9f) , with scarce influx of fine-grained bioclastic calcarenites (lithofacies F7, F12). In the middle of the unit some thick oolitic bars with south-eastern provenance still exist, with microbialite-coral patch reef development on their tops. The total thickness of this unit is about 260 m. To the north, this unit represents the end of the shallow water carbonate sedimentation, fossilizing the residual relief of the reef-related calcarenitic bars at the basin margins. Compared to areas outside the Azag minibasin, this unit could be partly equivalent to the classic "Calcaire Corniche" of Du Dresnay (1971), and may be attributed to the late Bajocian.
6.10. Unit X Unit X consists of interbedded marls and marly limestones (lithofacies F9 and F12) and dark micritic limestones (lithofacies F11) as the background basin sedimentation. In the upper part the section is marly-dominated, with scarce colonies of oyster shells (lithofacies F4). Marginal grainy carbonate facies (lithofacies F3) are well developed, especially in the southern margin, but very restricted to the vicinity of the edge of the margin (Fig. 11) . At the southern margin, back-stepped thick oolitic limestone bars also occur, with small coral patch reefs (lithofacies F1) developed on their tops. In the rest of the section and in the northern margin, the marginal carbonate wedges are made by hybrid (mixed) calcarenites (lithofacies F3). In the central part of the basin these grainy facies are restricted to thin calcarenitic beds and sparse very thin layers of calcareous turbidites (lithofacies F10). The total thickness of this unit is about 1050 m; the marly-dominated part corresponds to the upper 270 m. In the absence of representative fauna, according to its stratigraphic position Unit X could be tentatively attributed to the late Bajocian-early Bathonian?
Discussion
The Azag minibasin and flanking salt walls evolved within a rifting regime during the time recorded by the Jurassic deposits described. Evidence for synsedimentary salt tectonics is provided by upturning of layers, thinning of stratigraphic units towards the highs of the minibasin margins, wedges of growth strata and erosional truncations of localized extent, and is consistent with other structures reported in the High Atlas by Saura et al. (2014) . The E-W profile of the Azag minibasin shows a rollover geometry (Fig. 6a) . The general stratal dip to the west suggests that the basin depocenter migrated in that direction, whereas the eastern basin margin was a salt anticline or salt wall with upturned beds that dip away in both sides ("megaflaps" in the sense of Rowan et al., 2016) . It must be noted that listric faults and associated rollovers are not characteristic structures of the High Atlas Jurassic rift, where Triassic ridges are usually antiformal salt walls with outwarddipping layers where differential sediment loading has significantly contributed to diapiric growth and basin subsidence. This suggests that the asymmetry and tilting of the Azag minibasin infill was caused by progressive westward expulsion of the Triassic evaporite unit by a laterally-migrating depocenter axis (i.e. resembling an expulsion rollover, Ge et al., 1997) . However, the migration of the depocenters of the carbonate-dominated Azag Fig. 12 . Google Earth oblique view of the northern margin of the southern reef system, viewed from the north. The geometry of the southern end of each aggradational parasequence, in the transition between the reef slope facies to the basin marls, conforms to the wedge halokinetic sequence pattern as defined by Giles and Rowan (2012). minibasin cannot be readily explained by the progradation of a clastic wedge as described by Ge et al. (1997) . The causes of the laterally-varying salt expulsion, determining the shift of the minibasin infill, may reside in a preexisting relief or step of the base salt at depth, possibly in relation with a basement fault as tentatively depicted in Fig. 6a .
Tectonics and sedimentation relationships highlight the main steps in the evolution of the Azag minibasin. The minibasin infill is composed by a succession of varying stratigraphic units and facies assemblages that reflect localized spatial and time variations of accommodation within the basin that result from Triassic salt migration (salt evacuation in the basin depocenters, salt wall inflation in the margins), as well as from regional events that are approximately coeval in the whole Jurassic rift of the High Atlas. A similar dual control has been recently described in fluvio-lacustrine sediments of the Sivas Basin of Turkey in a recent work by Ribes et al. (2015) , and is generally expected in other sedimentary basins influenced by the mobility of evaporites.
The halokinetic geometry of the Azag minibasin fill varies from unit to unit and from side to side of the basin, resulting in a marked basin asymmetry. Halokinetic strata as defined by Giles and Lawton (2002) and Giles and Rowan (2012) in the case of the La Popa basin of Mexico primarily record the relative rates of diapiric inflation and sediment accumulation in the margins of salt-controlled basins. Similarly, the asymmetric pattern of the Azag minibasin records spatial and temporal variations in diapir rise relative to sedimentation rates. Types of relationships observed at the Azag minibasin margins include: 1) gentle fans of growth strata bounded by apparent conformities or low-angle unconformities ("wedges" in the terminology of Giles and Rowan, 2012) , which form during stages where the local sedimentation rate exceeded the diapir-rise rate, and 2) tabular, conformable packets that abut towards the basin margins at high angle ("T-shaped geometries" in Ribes et al., 2015) which formed in stages where the diapir-rise rate was balanced by the sedimentation rate. Hook geometries indicative of exceeding diapir-rise rates have not been observed.
The E-W section of the Azag minibasin provides little information for halokinetic sequence patterns adjacent to the bounding salt welds. A sequential evolution of the minibasin is best illustrated by Fig. 13 . Panoramic view of the northern reef margin of the Azag minibasin. The geometry is defined by the reef core and the reef slope calcarenites with a northern pinch out of basinal marls and debrites. The stacking pattern of the aggradational parasequences is akin to the wedge halokinetic sequence pattern as defined by Giles and Rowan (2012) . the N-S profile (Figs. 6b and 14) where the stacking pattern of stratigraphic units reflects varying processes through time. Moderate thickness variations in the Idikel and Ouchbis basal Formations in and out of the Azag minibasin are indicative of halokinesis initiating already in the Sinemurian-Pliensbachian. These formations show similar facies in the Azag minibasin and in the neighboring areas of the High Atlas, having been reported as post-rift transgressive deposits with respect to the Triassic rift episode (Laville et al., 2004) , although contemporaneous low-strain normal faulting has been postulated (Wilmsen and Neuweiler, 2008; Lachkar et al., 2009; Merino-Tom e et al., 2012; Quiquerez et al., 2013) . The cumulative thickness observed at their exposure in the eastern side of the basin is < 250 m, whereas in the adjacent margins of the Rich and Foum Tillicht basins they reach 700 m (Fig. 6) . Only small thickness variations are observed in the N-S outcrop area of the Idikel and Ouchbis Formations within the Azag minibasin. Assuming that in the deep parts of the minibasin the thickness of these formations is comparable to that observed in the Rich and Foum Tillicht basins, we interpret that in the early Liassic the region was characterized by low-amplitude highs in between slightly more subsiding areas, namely a system of non-piercing salt anticlines or pillow-like structures overlapped by carbonate sedimentation (Fig. 14a) . The causes for the initiation of salt migration in these early stages of overburden could have been linked to differential loading associated to underlying Triassic faults, or in association with incipient extensional faulting in the overburden itself, as illustrated by the small normal faults sealed by the Ouchbis Formation observed near the northern weld (Fig. 5) . Only small differential loading is necessary to maintain low-amplitude halokinetic movements once differential subsidence is established by one of these mechanisms (e.g. Warsitzka et al., 2013 Warsitzka et al., , 2015 .
The Pliensbachian-Toarcian transition is marked by an abrupt deepening of the basin and a change from carbonate to clastic sedimentation (shale and turbiditic sandstone, Unit III). This transition is recorded elsewhere in the High Atlas rift, and represents a roughly synchronous event of platform drowning in the rift axis and emersion in the rift margins, attributed to regional vertical movements coinciding with the early Toarcian eustatic high (Ettaki et al., 2000) . The deepening profile actually starts with the transition from the Idikel shallow water to the deeper water carbonates of the Lotharingian-Pliensbachian formations, as happens elsewhere in the High Atlas of Rich (Neuweiler et al., 2001; Wilmsen and Neuweiler, 2008) . Hence, variations in halokinesis cannot be invoked for the general trend of facies evolution of the Azag minibasin during these early Jurassic times, which rather reflects regional and global factors. Accumulation rates are still low for the Toarcian-Aalenian exposed in the Azag minibasin, although moderate thickness variations suggest the persistence of low-amplitude salt movements. From the Sinemurian to the Aalenian, the average (compacted) sediment accumulation rates observed in the Azag structure were <0.02 mm/yr. Sedimentation within this cycle terminates with a hardground of regional significance, that was also recognized in a diapiric high in the center of the Foum Tillicht unit (Bernasconi, 1983) . Discontinuities in the interval between the upper Lias and the lower Bajocian are commonly reported in different sections of the Jurassic of the High Atlas (Du Dresnay, 1964; Sadki, 1992 Sadki, , 1996 .
The Azag area records a major reorganization at the AalenianBajocian boundary, which marks the onset of the main stage of downbuilding and full minibasin development. The remainder of the stratigraphic succession, which constitutes the bulk of the Azag minibasin infill (mostly Bajocian in age), records a dramatic acceleration of the (compacted) sedimentation rate during 4e5 Ma to an average of 0.6 mm/yr (0.5 mm/yr if the upper part is assumed to include the lower Bathonian). The Azag minibasin became a rapidly subsiding, west-migrating depocenter, whereas inflation of the salt walls at the northern and southern margins enclosing the minibasin is evidenced by stratal wedges and marginal reef complexes. The facies assemblages indicate that the Azag minibasin and adjacent salt walls were always submarine. Even if sediment accumulation in the Azag minibasin and elsewhere were partly accommodated by salt migration, regional extension and crustal thinning continued in the Atlas rift, as indicated by the contrast between the thousands meters of open marine deposits of Dogger age in the High Atlas and their inexistence in the present-day forelands north and south of the inverted rift.
The Bajocian-Bathonian? age of the main downbuilding phase in the Azag minibasin in the eastern part of the Central High Atlas compares well with a propagation sequence reported by Saura et al. (2014) for the western part of the central High Atlas. Bouchouata et al. (1995) , Ettaki et al. (2007) and Moragas et al. (2016) reported a Liassic main age for the westernmost diapirs and basins (Izerki, Tazoult, Azourki), whereas more to the east, basins in the Imilchil area encompassed the late Liassic and the Dogger (Saura et al., 2014) .
The late Aalenian-early Bajocian hardground is first covered by outer platform to basinal marl and marly limestone beds (Unit IV), which progressively onlap towards the southern margin of the basin and abut abruptly to the northern weld (Fig. 5) . The strong asymmetry of Unit IV indicates contrasting salt inflation rates in the southern and northern salt walls. In the southern margin the unit defines a wedge where the sediment accumulation rate progressively exceeded the diapir-rise rate, whereas the more tabular Tshaped geometry of the northern margin indicate a higher diapirrise rate, similar to the sediment accumulation rate. This asymmetry is maintained in Unit V, which defines a wedge in the south and a more tabular geometry in the north (Fig. 14b) . However, sedimentary aggradation in the southern side was punctuated by episodes of non-deposition or erosion, coinciding with the hardground or at the base of unit V, which locally overlies the Ouchbis Formation (Fig. 15) .
The coral reef of unit V probably topped the southern salt wall, and rapidly passed basinwards into deeper water shales and debrites, attesting for strong bathymetric relief (Fig. 13b) . This situation is reversed for Unit VI, which shows a well-developed reefal and prograding platform complex in the northern side (Figs. 13 and  14b) , indicating increased sedimentation rates in the northern margin of the Azag minibasin at that time. The northern reef is followed by an abrupt offlap, after which units VII and VIII exhibit onlapping wedges that attest for high sedimentation rates.
Evidence of diapirs exposed or lying near the sea floor at the Azag minibasin margins may be provided by the euhedral quartz and gypsum crystals in Units V and VIII, although passive diapirism may have likely started in earlier times during the strongly tapered Unit IV (early Bajocian). More compelling evidence for diapiric exposure is found in the northern side of the northern weld, near Jebel Tirrourdine (Fig. 16a) , where the Toarcian?-Bajocian succession is in contact with the Triassic unit and with the weld itself. The map pattern at that locality is strongly suggestive of a larger diapir, trending obliquely to the main salt wall, that was flanked by the Idikel and Ouchbis Formations and whose top was overlapped by Toarcian?-Bajocian sediments. The diapir later fell so the topping sediments collapsed to weld down to the salt wall core, producing a map geometry similar to seismic profiles of fallen diapirs in the continental margin off Angola (Duval et al., 1992) (Fig. 16b) . A triangular-shaped diapir was left in the eastern side in the Moroccan example, adjacent to which the Toarcian?-Bajocian sediments show a series of halokinetic unconformities attesting for the rapid diapir fall.
The salt wall tops may have been episodically overlapped by reefal or calcarenite platforms of units V and VI that grew in the topographic highs passing rapidly into the slope and basinal facies ( Fig. 14b and c) . Indeed the absence of breccias with Triassic clasts indicates that either the salt walls were often covered by a veneer of shallow-water sediments or that the Triassic Keuper rocks did not form a significant relief if exposed, due to the balancing sedimentation rate and to the weak nature of the Keuper shale and evaporite. At variance to the map presented by Bernasconi (1983) , the Azag minibasin does not contain significant layers of conglomerate or breccia esediment gravity flow deposits are composed of resedimented platform deposits downslope from the aggrading or prograding platform marginse, which is consistent with relatively high sedimentation rates in relation with diapir-rise rates and with the wedge halokinetic geometries observed. The siliciclastic-dominated unit VII represents a turning point in the basin evolution with a relative reduction of the differential relief between the diapiric salt-ridges and the basin depocenter produced by the evacuation of salt. Progradation of the distal deltaic lobes at this time suggests a relative regression as cited by Stanley (1981) near Rich, which resulted in the shutdown of the carbonate factory and the rapid basin infilling by stacking of deltaic lobes. The siliciclastic material were sourced from the west according to Brechbühler et al. (1988) . The basin profile and the submarine relief between the former reef platforms and the basin was levelled, allowing the rapid progradation of the shallow water oolitic bars and patch reefs of unit VIII into the minibasin center, on former basinal areas (Fig. 14c) . As the basin deepened, the shallow carbonate factory during deposition of the units IX and X, consisting in oolitic-skeletal bars, was confined again to the diapiric ridges of the basin margins (Figs. 5, 6 and 11) , while the depocenter of the basin turned at times into a silled basin with restricted water circulation and oxygen-deficient bottom-sea conditions. These conditions favored the sedimentation of the black mudstones of unit IX and the marls and marly limestones of the unit X.
Detailed correlation of the Bajocian succession of the Azag minibasin with neighboring basins is not yet available, and hence the differential thickness of the Bajocian with respect to the Foum Tillicht and Rich units cannot be evaluated on the lack of key levels for correlation to date. In contrast to the Azag minibasin, in the High Atlas of Rich the Bajocian records a general shallowing (Ait Addi and Chafiki, 2013) . This, together with the lower elevation of the preserved Jurassic overburden of the Rich and Foum Tillicht units with respect to Azag, leads to envisage the Azag minibasin as a more rapidly subsiding salt-withdrawal depocenter than the other units ( Fig. 14b and c) .
Dogger and younger red beds are never preserved in the internal part of the High Atlas near Rich, while they are common more to the west along the rift (e.g. at Imilchil, see location in Fig. 1 ) or in the northern and southern margins of the High Atlas. This suggests that in this axial part of the rift either the post-Jurassic erosion reached a deeper level or that the downbuilding episode in the minibasins of the Rich High Atlas was maximum in the Bajocian-early Bathonian? interval and terminated before red bed sedimentation proceeded elsewhere in the Atlas rift. The basement structure underlying the Azag minibasin and adjacent salt walls is speculative due to the large uncertainties associated to a plausible strong decoupling between basement and the Jurassic basin structure, and to the superposition of extensional and compressional episodes that has affected the region. As discussed above, basement normal faulting is likely (reference geometries of sub-salt faulting have been illustrated in the Triassic of the Marrakech High Atlas by Dom enech et al., 2015) , and so is basement-involved orogenic buckle folding, as observed in the Mougueur massif (El Kochri and Chorowicz, 1988; Teixell et al., 2003) . Grounding of the bottom of the minibasin is likely as the minibasin depth of 1e1.5 km obtained by crosssection construction is consistent with the depth to basement inferred for the Rich area from wide-angle seismic data (Ayarza et al., 2014) . The occurrence of Jurassic gabbro in the Keuper stock south of Jebel Tirrourdine (Bernasconi, 1983 ) (location in Fig. 16 ) suggests that at least the northern salt wall bordering the Azag minibasin was originally linked to a deep extensional fault.
There is no record of activity of the Azag basin and flanking diapirs during the late Jurassic and the Cretaceous. During the latest Cretaceous to Cenozoic orogeny the Atlas region was submitted to regional N-S-oriented compression. It is likely that during this stage, orogenic shortening in the Azag area was accommodated primarily by diapir squeezing, leading to salt welding and bed oversteepening of the diapir flanks (Fig. 14d) . Any newly extruded salt was probably dissolved near the surface. The interior of Azag basin, which was already tilted to the west, was comparatively little deformed, although the N-to NNE-dipping tectonic cleavage, parallel to the orogenic trend of the High Atlas, attests for a component of internal strain. In general, squeezing of diapirs may have accommodated a significant component of shortening in the internal parts of the High Atlas, where previous works centered on the effects of (mild) thrusting and compressional folding (e.g. Schaer, 1987; Teixell et al., 2003) .
Conclusions
The Azag minibasin of the Jurassic of Morocco provides a field case for marine carbonate sedimentation in relation to salt tectonics. Facies distribution, layer upturning with wedges of growth strata and localized unconformities indicate deposition contemporaneous with diapiric inflation of a polygonal system of salt walls completely enclosing the minibasin. A ca. 3000 m thick lower Lias to Bajocian-p.p. Bathonian? succession filling the basin recorded the evolution of ten stratigraphic units (I to X), which represent evolving depositional systems with different paleoenvironments.
The lower units (Units I to III, Hettangian?-Sinemurian to Aalenian) show similar characteristics of equivalent units from areas outside the Azag minibasin (although here much reduced in thickness). A ferruginous hardground of Early Bajocian age and regional extent marks the end of these Lias-earliest Dogger units. The salt-related subsidence peak in the Azag minibasin occurred subsequently, during the Bajocian-early Bathonian?, when up to 2600 m of limestones and marls accumulated at a rate >0.5 mm/a (Units IV to X). Shallow-water reefal limestones developed at the southern and northern basin margins respectively in Units V and VI, grading downslope to fore-reef skeletal calcarenites, resedimented deposits, and marls toward the basin depocenter, attesting for strong bathymetric relief. Unit VII is a unique pro-deltaic terrigenous unit that filled the minibasin and leveled the basin profile. Carbonate sedimentation resumed from unit VIII onwards. Units VIII to X are characterized by the development of shallow-water, cross-bedded oolitic and oolitic-skeletal carbonate bars at the minibasin margins. They grade into outer platform marls and black lime mudstones deposited in semi-enclosed, oxygen-deficient silled conditions toward the basin depocenter.
Facies distribution and evolution in the Azag minibasin obeys to both regional events recorded in the entire high Atlas rift (e.g. Lias drowning events), and local variations in accommodation reflecting diapir inflation and salt-withdrawal/expulsion subsidence (e.g. platform to basin transitions, oolite bar progradation). Halokinetic geometry of units varies from unit to unit and from side to side of the minibasin. In general, sequences are organized in wedge-type sequences, indicative of relative high sedimentation rates. Episodes of enhanced diapiric rise resulted in marked bathymetric relief in the minibasin, with reefal miniplaform developed in the highs, passing rapidly into slope and basinal marls, breccias, debrites and turbidites in the depocentral area. Episodes of subdued inflation resulted in regularization of the basin profile, allowing the progradation of oolitic-skeletal and clastic bars across the basin axis.
Squeezing and welding of the salt walls bounding the Azag minibasin happened after sedimentation, most probably during the Duval et al., 1992; Hudec and Jackson, 2011) . The missing Lower Jurassic sediments north of the weld in the Foum Tillicht unit (south of Jebel Tirrourdine) suggest that Toarcian and younger sediments lied on top of a passive diapiric high that later subsided, leaving a relict triangular-shaped salt body to the east. The Jebel Tirrourdine structure was later verticalized and welded to the Azag minibasin margin, so the map pattern provides a structural profile.
Cenozoic mountain building of the High Atlas. Evidence for strikeslip movements during and after the basin development is lacking. The Azag minibasin is a good field analog for the exploration of carbonate plays in salt-related settings continental margins. Reservoir facies as coral-microbial boundstone, rudstone or wellsorted oolitic grainstone pinch out towards the basin margins and basinwards. Fetid, dark mudstone and shale produced by accelerated subsidence in the upper part of the succession (while in the remainder of the High Atlas a shallowing megasequence was recorded) could have had source rock characteristics and result in a closed system where source and reservoir are contained in the same minibasin.
